DNA sequence variation at a duplicated gene: excess of replacement polymorphism and extensive haplotype structure in the Drosophila melanogaster bicoid region.
The bicoid (bcd) gene of Drosophila has played an important role in understanding the system of developmental regulatory genes that controls segmentation in the fruit fly. Several studies in Drosophila and closely related insects suggest that bcd may be the result of a gene duplication in the Dipteran lineage. In addition, the presence of a large, conserved secondary structure in the 3' untranslated region (UTR) makes the bcd gene a good candidate for studying compensatory evolution and the relationship between RNA secondary structure and patterns of standing variation in natural populations. Despite these interesting aspects, a population-level analysis has until now not been performed on bcd. In this study, DNA sequence variation was examined for a 4-kb region of the bcd gene, including a portion of the 5' UTR, the entire coding region, and the 3' UTR, for 25 Drosophila melanogaster isofemale lines from Zimbabwe and one allele from D. simulans. Statistical tests revealed a significant excess of replacement polymorphisms in the D. melanogaster lineage that are clustered in two putative linker regions of the Bicoid protein. This result is consistent with a relaxation of selective constraints in these regions. In addition, we found a distinct haplotype structure and a significantly smaller number of haplotypes than predicted by the standard neutral model. It is unlikely that the haplotype structure is maintained by epistatic selection acting on the secondary structure in the 3' UTR or by the association of the bcd gene with polymorphic inversions. Instead, our two main observations, namely the occurrence of a haplotype structure and the excess of replacement polymorphisms, may indicate that the selective history of this gene is rather complex, involving both the relaxation of purifying selection in some parts of the protein and the action of positive selection in other parts of the gene region.